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Diirini^ the last several decades, papers too niinieroiis to list here have been 
published describing larval stages of decapod crustaceans reared in the laboratory. 
Tliroiigh this work techniques for rearing these larvae have become standardized, 
making a variety of physiological and ecological experiments possible (for example, 
Costlow, 1961, 1964, 1966, 1967; Costlow and l->ookhont, 1968; Roberts, 1971a, 
1071b). 

Yet relatively little is known about the nutritional requirements of decapod 
larvae. Lebour (1922) performed a limited number of stomach content analyses 
on planktonic zoeac and reported that decapod larvae are ])rincipally phytophagous. 
vSubscquent laboratory study led her to conclude that, contrary to her first report, 
many decapod larvae are actually carnivorous and that diatoms and other phyto- 
plankters observed in stomach content analyses were ingested adventitiously 
(Lehour, 1927; Gurney, 1942). 

Hart (19v^5. 1937) and Sandoz and Rogers (1944) in their early efforts to 
culture decapod larvae simply concentrated plankton and isolated desirable (or 
plentiful) com])onents to feed to larvae. Through these and other studies, it has 
been verified that many decapod larvae require animal material in their diet, aL 
though it was stiggested tliat CalVuicctcs sapldiis may utilize a dinoflagellate (Sandoz 
and Rogers, 1944). 

A standard diet of Artcniia nan])lii has been tised by most recent workers for 
culturing decapod larvae (for example, Costlow and Bookhout, 1960 and numerous 
more recent studies; lYrss and Coffin, I960; Chamberlain, 1962; Broad, 1957; 
Regnault, 1969a, 1969h; Provenzano, 1967a, 1967b). This diet has numorous 
])ractical advantages for culture works: (1) it is available in large quantities re¬ 
gardless of season, (2) it is a suitable size for many decapod larvae, and (3) it 
permits complete de\ elopment to the juvenile or beyond w ith reasonably consistent 
mortality rate, intermolt dunition, morphogenetic sequence, etc. 

Nevertheless, Artcniia is not a ^hiatnral diet” and there is no certainty that 
larvae reared on this diet follow^ the same morphogenetic se(iuence as larvae in the 
plankton. I'urtherinore, for commercial production operations, ^Irtcuna represents 
a high production cost. Vdten planktonic and laboratory-reared specimens have 
been compared, minor discrepancies in morphological detail liave been noted 
(I.eRoux, 1966; Roberts, 1968: McDonald, Pike and Williamson, 1957; Bookhout, 
1964; Chamberlain, 1962). This is quite different from the varialfility in number 
of instars observed under presnmahl}- constant culture conditions among the carid 
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shrimp (Broad, 1957; Hiibschmaii, 1969; LeRoux, 1963; Regiiaiilt, 1969a) and 
Upogebia (Webb, 1921; Roberts, unpublished). 

A few authors have investigated the food value of specific unicellular algae and 
zooplankters for decapod larvae selected on the basis of availability. Algae prolong 
survival but do not permit complete development (Broad, 1957a: Chamberlain, 
1962; Regnault, 1969b), except for certain species of Pinnotheres (Atkins, 1955), 
Thor ftoridamts (Broad, 1957b) and penaeid shrimp (Cook and Murphy, 1969). 
Sandoz and Rogers (1944) indicated that a dinoflagellate was a major prey species 
in their food mixture used for rearing CalUnectes sapidns. No studies of the 
possible role of algae in the nutrition of anomurans have l)een conducted. 

Copepods and other zooplankters promote complete development. Studies with 
these organisms have been hampered by technical difficulties in providing various 
diets in sufficient quantity when needed. Xauplii of Artemia have been selected 
as the standard laboratory diet for decapod larvae to overcome these difficulties, 
even though it is not a 'biaturak’ diet. 

This paper describes some preliminary studies of suitable diets for the larvae 
of the anomiiran, Pagnrns longicarpits, conducted at the Virginia Institute of 
Marine Science, Cdoucester Point, Virginia. Responses of larvae presented with 
several potential food sources were observed directly. Selected diets which could 
be provided in quantity over a suitably long period were then tested in culture 
experiments to determine whether larvae could survive and develop to or beyond 
the megalopa. 


IMATERfALS and AIeTITODS 

Direct observations of feeding by P. longicarpiis larvae were made using a dis¬ 
secting microscope. Several zoeae grown in mass culture to various stages of 
development were placed in a Syracuse watch glass with ca. 10 ml filtered sea 
water containing a number of food organisms and observed periodically for at 
least one hour. Care was taken not to heat the container with the microscope 
illuminator. The food organisms supplied were copepod nauplii, copepodites, 
Balantis nauplii, Polydora 3-5 setiger larvae, and pelagic stages of several poly- 
chaete worms (unidentified). These organisms wore all collected from plankton 
in the seawater system. 

In a series of three culture experiments, selected algae and invertebrate larvae 
were used to feed larvae of P. longicarpus, ^Mortality rate and intermolt dura¬ 
tion for larvae fed experimental diets were compared to those for unfed and 
Artemia nauplii fed control groups. The control Artemia diet is known to per¬ 
mit complete development of P, longicarpus larvae (Roberts, 1970, 1971a, 1971b). 

The experimental algal diets were (1) a mixture of microflagellates (Cyclotella, 
Dunaliella, and Monochrysis) and (2) the dinoflagellate, Amphidinhim klebsii. 
Microflagellates, cultured by the Microbiology Department, were used in Experi¬ 
ment 2. A volume of algal culture was added to filtered sea water to give a final 
algal concentration of ca. 10“^ cells/ml. The dinoflagellate, Amphidinium, used in 
Experiment 3, was grown in mass culture on an enriched sea water medium. During 
the course of the experiment, the culture was found to be contaminated with 
Dunaliella (20-50%). No estimate of the concentration of dinoflagellate pro¬ 
vided each zoea was made, although some cells always remained at the end of each 
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24 hour period. In neither case were tlie algal eells washed free of the original 
culture medium before use. 

The animal diets tested were shelled larvae of Crassostrca virginlca and the ])ost- 
trochophore stage of Arcnicola marina. The Crassostrca larvae, obtained from 
oysters collected at Ilorsehead, \drginia were cultured by the Malacologv Depart¬ 
ment. The larvae used in Experiment 1 ranged from early umbo stage (80-150 }x) 
to ])resettlement stage (250-320 fx). Approximately 20-40 larvae were given to 
each zoea daily. The Arcnicola post-trochophores used in Experiment 3 were ob¬ 
tained as follows: several gelatinous egg strings were collected daily at low tide 
from the beach in front of the laboratory, washed in filtered sea water, and placed 
in sea water in large finger bowls. The post-trochophores emerged from tlie egg 
strings and accumulated ou the lighted side of the culture dish. These larvae were 
sticky, adhering to the glass dish and to each other. In addition they carried with 
them some diatoms (Nitschia sigmoidcs) which were numerous in the egg strings. 
To remove the gelatin and diatoms, the larvae were washed by vigorous pipetting 
in filtered sea water. This procedure was not completely successful since many 
Arcnicola post-trochophores still adhered to the culture vessels used in the feeding 
experiments. Ifach Pagnnts zoea was given 200-400 Arcnicola post-trophores daily. 

The experiments were carried out in compartmented plastic boxes. The gen¬ 
eral procedures for obtaining and handling Pagurus larvae, both control and ex¬ 
perimental groups, were described previously (Roberts, 1970, 1971a). The range 
of salinity was 18-2099 (mean: lO^r)) in Experiment 1, 20 to 2V/(o (mean: 
2 O. 59 &) in Experiment 2, and 22 to 23((o (mean: 22.3^^) in Experiment 3. The 
cultures were maintained at ambient sea water temperatures on a sea table. The 
range of temperature was IS to 22° C (mean : 21° C) in Experiment 1, and 24 to 
28° C (mean: 26° C) in Experiments 2 and 3. These conditions were within 
the acceptable range for this s])ecies (Roberts 1971a). The larvae were examined 
daily and the presence or absence of material in the digestive tract was noted. 
In all experiments, food was in excess. No efforts were made to quantify the 
amount ingested. 


Results 

Pagurus zoeae were observed to feed successfully on co})epod nauplii, co]^e- 
podites, BaJanits nauplii, Polydora 3-5 setigcr larvae and pelagic stages of several 
unidentified polychaete worms. The zoeae handled each of these much the same 
way as Artcniia nauplii and Arcnicola post-trochophores (see below). Further 
testing of these potential foods was not feasible because of the time required to 
procure adequate amounts of the experimental foods. 

Larvae in the unfed control group always had emjyiy guts. These larvae never 
molted to Zoea II in any experiment. The survivorship curves for the unfed control 
group in the three experiments show no major differences. In all experiments 
there was a period of high survival lasting 3-4 days (slightl}’ less in Experiment 
1) followed by high mortality. Only 50%c of the population was alive after 3.5-4.2 
days. All of this group were dead by day 5-7. 

Larvae in the AjicmiaAed control group always had some material in the gut. 
Direct observations of feeding revealed that each Arfcntia nauplius is captured by 
the maxillipeds by chance encounters during normal swimming activity and pushed 
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Fici’RE 1. Survivorship curves for ExperinieiU 1 comparing Pagunis larvae fed oyster 
larvae, a control group fed Artcniia nauplii, and an unfed control group. Below the survivor¬ 
ship curve is a bar graph indicating the time during which molting occurred and the mean 
time to molt. 

against the maxillae, maxillules and mandibles. The mandibles “chew’’ the nanplins, 
but generally only one or more appendages are removed before the nanplins escapes. 
Late stage zoeae are more efficient, but still rarely ingest an entire nanplins. Fecal 
production was undetected during the early stages, pronounced in late Zoca III 
and Zoea IV. The Artemia-i^d control group always exhibited a high rate of 
snr\ i\ al. Ex])eriment 1 was terminated after day 7 and when 53% of the remain¬ 
ing Iar\'ae had reached the third instar. In Experiment 2, 31% of the larvae reached 
the megalopa after a mean of 10.5 days, in Experiment 3, 58.9% after 9.9 days. 
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Figure 2. Survivorship curves for Experiment 2 comparing Fa(fiinis larvae fed micro- 
flagellates and control groups. Below the survivorship curves is a bar graph indicating the 
molt record. 

The algal diets were only marginally suitable for larval culture. P)Oth were 
ingested by zoeae of P, longlcarpus as indicated by the green color of the gnt but 
details of ingestion could not be observed. The bulk of the ingested material seemed 
to be defecated. Both algal diets permitted a small number of zoeae to molt to 
the second instar (9.5% and 11.1%). The Auiphldiniiiui-iQd and unfed control 
groups had nearly identical survivorship curves (Figure 3) until day 5 when the 
curve ff)r the AmphidiuiumA^iX larvae leveled off following the molt to Zoea TT. 
Too few larvae survived to provide information on the value of Aiiiphidiuiuin as 
a food for Zoea II and older Pagunts larvae. 
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Shelled Crassoslrea larvae proved unsuitable as food for Fagnnts larvae. Zoeae 
which captured an oyster larva with their maxillipeds were unable to break the 
shell with the maxillae, maxillules and mandibles. Oyster larvae would frequently 
close their valves on the maxillae thus impeding further feeding activity and to 
some extent swimming of the larva. The inability to deal with oyster larvae was 
not an artifact of the method of observation since in culture, oyster-fed zoeae had 
a survivorship curve nearly identical with that of the unfed control group. The 
unfed control group and oyster-fed group exhibited 50% mortality on day 3.5 
and 4.1 respectively, with 100% mortality on day 7 for both groups, while 6cS% 
of the ArfOJiia-itd control group survived and molted to Zoea III (Figure 1). 

Arevicola post-trochophores were readily handled by Fagitnts zoeae and, in 
contrast to Arfcmia nauplii, were usually totally ingested once captured. This 
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diet was the only one, aside from Artcmia which permitted complete develo])ment 
to the megalopa. The mean post-hatch time and intermolt duration for Arteniia- 
fed and Arcnicola-ied groups are given in Table I. The intermolt durations for 
the Arte^JiiaAed control group increased from 1.57 days for Zoea I to 3.70 days 
for Zoea IV, while the intermolt duration for Aretiicola-itd zoeae was uniformly 
3.1-3.6 days for each instar. This trend of increasing intermolt duration from 
Zoea I to IV for Arteinia-icd larvae, although not as uniformly progressive, was 
noted previously (Roberts, 1971a), The consistently long intermolt duration for 
Af'cnicola post-trochophores may reflect inadequate amounts of food in the early 
zoeal stages. With regard to mortality, the survivorship curve for these two 
groups is not significantly different until day 10, which corresponds to the molt of 
the Arfeniia-itd group from Zoea IV to megalopa, at which time they showed a 
marked decrease in survival rate. This break in the survivorship curve for 
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Figure 3. Survivorship curves for Experiment 3 comparing Pagiiriis larvae fed 
Amphidinhim or Arcnicola larvae to control groups. Below the survivorship curves is a bar 
graph indicating the molt record. 

Artemia-i^A larvae (Figures 2 and 3) was also noted previously (Roberts, 1971a). 
No similar decline in survival of Arcnicohi-{Q(\ larvae was associated with this 
molt (Figure 3). 
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Discussion 

Unfed larvae of this and other decapod species survive a period sliglitly greater 
than tlie normal intennolt duration at tlie first instar. Only carid shrimp are re¬ 
ported to exhibit some molting to the second instar when unfed (Regnault, 1969b; 
Broad, 1957a; Roberts, impul)lishe(n. Regnault n969a) demonstrated an inverse 
correlation between starvation resistance of Hippolytc mcnuis and temperature. 
Rice and Provenzano (1966) obtained a similar result for Dromidia antillcnsis. 
However, Pro^^enzano (1967b) obtained tbe opposite result for Trizopagitrns mag- 
nificus, Regnault (1969a) also presented evidence that eggs produced early in the 
year had greater yolk reserves than those produced later. In the study reported 
here there was no conclusive evidence of a relationship between starvation re¬ 
sistance and temperature or season. 

The Arfcmia diet promoted complete development to the megalopa. The sur- 
vi^'al rate was verv high until the Zoea l\^-Hegalo])a molt at which time mortality 
increased rapidly. The intennolt duration of Zoeae IV was always prolonged, 
and in Experiment 3, the intennolt was progressively longer for each instar. This 
phenomenon has been reported previously (Rolierts, 1971a). Bookbout and 
Costlow (1970) have reported that larvae of four brachyuran species fed Artemia 
nauplii hatched from eggs collected in I tah had j'toorer survival than larvae fed 
Artejuia hatched from eggs collected in California. Further, two species (RJiitJiro- 
pajwpcus harrisii and Calliuccics sapidns) showed some abnormalities in the 
megalopal or first crab stages. They also reported the concentration of DDT in 
Artemia nauplii hatched from cysts collected in ITah to be three times higher than 
in those from c}'sts collected in California. These observations may ex])lain the 
discontinuity in the survivorshi]) curve oliserved in the jiresent study in which the 
Artemia cysts originated from ITah. 

The microflagellate and dinofiagellate s])ecies tested were not suitable diets for 
Fagiiriis loiigiearpiis in that they did not promote complete development. There 
were some benefits of an algal diet in prolonging survival and permitting a few 
animals to molt once. One might suspect that this relates to the quantity of material 
])rovided hy an algal diet rather than quality. The fact that the ingested algae are 
largely defecated whereas animal material is nearly comi)letely assimilated suggests 
that the deficiency of algal diets is a matter of nutritive value. 

Crassostrea larvae (or other molluscan larvae) can he provided in the laboratory 
in adequate quantities by use of techniques developed by Loosanoff and Davis 
(1963) and their co-workers. These would therefore seem quite suitable as food 
for decai)od larvae in culture. The inability of Pagitrus larvae to ingest oyster 
larvae was unexpected since Eebour (1927) and Hart (1937) had reported using 
Ostrea larvae as food for decapod larvae. These workers may ha^'e used only 
Ostrea trocho])hores rather than shelled lar\'ae. Decapod larvae are probably in¬ 
capable of ingesting any shelled lar\ ae of molluscs and hence molluscan larvae used 
as food for crustacean cultures would have to be produced dail\'. 

Arenieola post-trochophores are smaller than .4rtemia nauplii and hence may be 
handled more readily. They proved equally nutritious for ])agurid larvae and did 
not cause increased mortality after Zoea 1\^ whicli was observed among . IrtemiaAcd 
larvae. However, Arenieola is not especially valuable for culture studies since 
they are only seasonally available, and are not as readily caught because they tend 
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to adhere to the culture dish. Larvae of polychaete annelids may he very significant 
in the diet of naturally occurring decapod larvae as they are very abundant during 
the breeding season of most estuarine decapods. 

Pagnnis larvae have been observed to ingest several other organisms in the 
laboratory. Xanplii of Balaiiiis were readily ingested as were small copejiods and 
cope[)od nauplii. Xo culture experiments were attempted because these organisms 
were not availalile in sufficient quantity. Chamberlain (1962) tested the value of 
copepod nauplii as food for Rhithropanopciis zoeae and found them equal in value 
to Artcniia nauplii. Cope])od nauplii were obtained from the plankton, which is a 
very tedious and uncertain process. 

Techniques are available which permit continuous culture of selected calanoid 
copepod species in the laboratory though not yet in quantities sufficient to feed 
crustacean, fish, or other carnivorous larvae (Zillioux, 1969; Zillionx and Lackie, 
1970). A copepod diet may be desirable when culturing decapod species which 
cannot handle food the size of Artcuiia nauplii or s])ecies which are especially sen¬ 
sitive to pesticide residues found in Artonia or when the experimental design re¬ 
quires a “natural diet. Naturally occurring decapod larvae must ingest large 
([uantities of co])e])ods, perhaps the single most abundant zooplankter. 

Afany fish and invertebrates consume detritus when their normal diets are un¬ 
available. In some cases detritus has been found to lie a major source of nourish¬ 
ment. ^luch of this material is decomposing fecal material (Darnell, 1968). 

Droad (1937a) used non-living animal material as a source of food in his study 
of dietary re([uirements of Falacmonctcs pitgio. lie collected zoojilankton (pre¬ 
sumably including much fecal material), and killed it by immersion in distilled 
water. This dead animal material was then fed to zoeae. 1 Le also tried macerated 
gonad of A^issariits. This diet permitted complete development but was not as 
good as Artcniia nauplii though much better than algae or no food. Broad made 
no attempt to control decomposition of the food. If bacterial growth had been con¬ 
trolled, perhaps his results with non-living material would have l)een better. Never¬ 
theless, non-living material may be signiheant in the diet of naturally occurring 
larvae. 

If deca])od larvae can develop on a diet of non-living material, then artificial 
diets may be suitable. Hubschman and Schmitt (I960) reported an attempt to 
develop a defined diet for larval Palacnioneies kadiakensis. This medium per¬ 
mitted development to Form III larvae, whereas unfed larvae only reach Form 11 
in this species. If an artificial diet can be developed, the dietary requirements of 
decapod larvae can then be studied in detail. However, the necessity of maintain¬ 
ing sterile cultures when using non-living diets iirecludes the general use of such 
foods except in large volume cultures where anaerobic conditions are not likely 
to develop. 


Hiss Sandra K. Pierson assisted in the collection of the experimental data de¬ 
scribed here while a N^SF Lbidergraduate Research Particijiant at the Virginia 
Institute of Marine Science. Hr. Alichael Vaillant prepared the figures. I also 
wish to thank Hr. Willard A. Wn Engel, and Drs. Langley Wood, Vernon C. 
Goldizen, and Frederick A. Kalber for their helpful discussion and criticism of 
the manuscript. 
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Summary 

The value of several flagellate algal species, shelled oyster larvae {Crassostrea 
virghiica) and annelid larA’ae (Arenicola niarina post-trochophores) as food for 
larvae of Pagiirus longicarpus was determined. The flagellate algae were ingested 
by Pagitrus larvae but did not allow development to the second instar. Shelled 
oyster larvae were an inadequate diet because Pagurus larvae could not break the 
shell. Arenicola post-trochophores allowed complete larval development with sur¬ 
vival to the fourth zoeal stage comparable to Arteniia-ied controls. Survival of 
/lrc}iicoIa-ied larvae through the megaloj^al stage was siqjerior to .Irtcniia-icd 
controls. Pagurus larvae were shown to be capable of ingesting several micro- 
crustaceans and polychaete larvae, Init culture tests of suitability for complete 
development were not performed. 

LITERATURE CITED 

Atkins, D., 1955. The post-embryonic development of British Pinnotheres. Proc. Zool. Soc. 
London, 124: 687-715. 

Bookiiout, C. G., 1964. Salinity effects on the larval development of Pagurus bernhardus 
(L.) reared in the laboratory. Opheiia, 1: 275-294. 

Bookuout, C. G. and J. D. Costlow, Jr., 1970. Nutritional effects of Artemia from dif¬ 
ferent locations on larval development of crabs. IIcJgoL JFiss. Meercsiintcrs., 20: 
435-442. 

Broad, A. C., 1957a. The relationship between diet and larval development of Pnlaeonwnetes. 
Biol. Bull., 112: 162-170. 

Broad, A. C., 1957b. Larval development of the crustacean Thor floridanus Kingsley. J. 
Elisha Mitchell Sci. Soc., 73: 316-328. 

Chamberlain, N. A., 1962. Ecological studies of the larval development of Rhithropanopeus 
harrisii (Xanthidae, Brachyura). Chesapeake Bay Institute, John Hopkins Univ., 
Tech. Rep., 28: 1-47. 

Cook, H. L. and M. A. Murphy, 1969. The culture of larval penaeid shrimp. Trans. Amer, 
Fish. Sac., 98 : 751-754. 

Costlow, J. D., Jr., 1961. Fluctuations in hormone activity in Brachyura larvae. Nature, 
192(4798) : 183-184. 

Costlow, J. D., Jr., 1964. An approach to the ecology of marine invertebrate larvae. Nar- 
ragansett Mar. Lab. Occ. Piibl., No. 2 : 69-75. 

Costlow, J. D., Jr., 1966. The effect of eyestalk extirpation on larval development of the 
mud crab, Rhithropanopens harrisii (Gould). Gen. Comp. Endocrinol., 7: 255-274. 
Costlow, J. D., Jr., 1967. The effect of salinity and temperature on survival and meta¬ 
morphosis of megalops of the blue crab, Callinectes sapidus Rathbun. Helgol. IViss. 
Meeresunters., 15: 84-97. 

Costlow, J. D., Jr. and C. G. Bookiiout, 1959. The larval development of Callinectes sapidus 
Rathbun reared in the laboratory. Biol. Bull., 116: 373-396. 

Costlow, J. D., Jr. and C. G. Bookuout, 1960. The complete larval development of Sesarma 
cinereum (Bose) reared in the laboratory. Biol. Bull., 118: 203-214. 

Costlow, J. D., Jr. and C. G. Bookuout, 1968. The effect of environmental factors on the 
development of the land-crab Cardisoma guanhiimi Latreille. Amer. Zool., 8 397-410. 
Darnell, R. M., 1968. Animal nutrition in relation to secondary production. Amer. Zool., 8: 
83-93. 

Forss, C. a. and II. G. Coffin, 1960. The use of the brine shrimp nauplii, Artemia salina, 
as food for the laboratory culture of decapods. Walla Walla Coll. Pttbl., Na. 26: 1-17. 
Gurney, R., 1942. Larvae of Decapod Crustacea. London, Ray Society, 306 pp. 

Hart, J. F. L., 1935. The larval development of British Columbia Brachyura. 1. Xanthidae, 
Pinnotheridae (in part) and Grapsidae. Cayi. J. Res., 12D : 411-432. 


EFFECT OF DIET ON PAGURUS LARVAE 


77 


If ART, J. F. L., 1937. Culture methods for Brachyura and Aiioinura. Pages 237-238 in Paul 
S. Galtsoff, et ai, Eds., Culture Methods for Invertebrate Animals. Ithaca, Cam- 
stock Publishing Co. 

Hopkins, S. IP, 1943. The external morphology of the first and second zoeal stages of the 
blue crab, Callincctes sapidus Rathbun. Trans. Amer. Microscop. Soc., 62: 85-90. 

Hopkins, S. H., 1944. The external morphology of the third and fourth zoeal stages of the 
blue crab, Callincctes sapidus Rathbun. Biol. Bull., 87 : 145-152. 

Hubschman, J. H., 1969. Palacmonctes kadiakensls Rathbun: Post embryonic growth in the 
laboratory (Decapoda, Palaemonidae). Cnistaccana, 16: 81-87. 

Hubschman, j. H. and J. A. Schmitt, 1969. Primary mycosis in shrimp larvae. J. Invert. 
Pathol, 13: 351-357. 

Lebour, M. V., 1922. The food of plankton organisms. J. Mar. Biol. Ass. U. K.. 12 : 644- 
677. 

Lebour, M. V., 1927. Studies of the Plymouth Brachyura. I. The rearing of crabs in 
captivity with a description of the larval stages of Inochiis dorsettansis. Macropodia 
longirostris, and Maia squinado. J. Mar. Biol Ass. U. K., 14: 795-821. 

LeRoux, a., 1963. Contribution a Tetude du developpemeiit iarvaire d^llippolytc inennis 
Leach (Crustace, decapode maroure). C. R. Acad. Sci., 256: 3499-3501. 

LeRoux, a., 1966. Le developpement Iarvaire de Porccllana longicornis Pennant (Crustace 
Decapode Anomoure Galatheide). Cah. Biol. Mar., 7 : 69-78. 

Loosanoff, V. L. AND H. C. Davis, 1963. Rearing of bivalve molluscs. Advan. Mar. Biol, 
1: 1-136. 

MacDonald, J. D., R. B. Pike AxNd D. I. Williamson, 1957. Larvae of the British species 
of Diogenes, Pagurus, Anapagurus and LitJiodcs (Crustacea, Decapoda). Proc. Zool 
Soc. London., 128: 209-257. 

Provenzano, a. j., Jr., 1967a. Recent advances in the laboratory culture of Decapod larvae. 
Proc. Synip. Crustacea, Part 2 : 940-945. 

]h<.0VENZAN0, a. j., Jr., 1967b. The zoeal stages and glaiicothoe of the tropical Eastern 
Pacific hermit crab, Trizopagurus inagnificus (Bouvier, 1898) (Decapoda; Diogeni- 
dae) reared in the laboratory. Pac. Sci., 21 : 457-473. 

Regnault, M., 1969a. Influence de la temperature et de I’origin de I’eau de mer sur Ic 
developpement Iarvaire an laboratoire d'llippolxte incruiis Leach, l^ic Milieu, 20: 
137-152. 

Regnault, M., 1969b. Etude experimentale de la nutrition dAIippolytc inermis Leach 
(Decapoda, Xatantia) an conrs de son developpement Iarvaire, au laboratoire. Int. Rc7'. 
Ges., llydrohiol, 54 : 749-764. 

Rice, A. L. and A. J. I^rovenzano, Jr., 1966. The larval development of the West Indian 
sponge crab Dromidia antillensis (Decapoda Dromiidae). /. Zool, London, 149: 297- 
319. 

Roberts, M. H., Jr., 1968. Larval development of the decapod Euccraniiis praclongus in 
laboratory culture. Chesapeake Sci., 9 : 121-130. 

Roberts, M. H., Jr., 1970. Larval development of Pagurus longicarpus Say reared in the 
laboratory. 1. Description of larval instars. Biol. Bull. 139: 338-351. 

Roberts, M. H., Jr., 1971a. Larval development of Pagurus longicarpus Say reared in the 
laboratory. 11. Effects of reduced salinitv on larval development. Biol. Bull, 140: 
104-116. 

Roberts, ^I. H., Jr., 1971b. Larval development of Pagurus longicarpus Say reared in the 
laboratory. HI. Behavioral responses to salinitv discontinuities. Biol. Bull, 140: 
489-501. 

Sandoz, M. and R. Rogers, 1944. The effect of environmental factors on hatching, moulting, 
and survival of the zoea larvae of the blue crab, Callincctes sapidus Rathbun. 
Ecology, 25: 216-228. 

Webb, G. E., 1921. The larvae of the Decapoda Macrnra and Anomura of Plymouth. J. 
Mar. Biol. Ass. U. K., 12 : 385-417. 

ZiLLioux, E. J., 1969. A continuous recirculating culture system for planktonic copepods. 
Mar. Biol, 4 : 215-218. 

ZiLLioux, E. J. and N. F. Lackie, 1970. Advances in the continuous culture of planktonic 
copepods. Helgol. IViss. Meeresimters., 20: 325-332. 


